Road traffic crashes result from a combination of factors related to the road layout, the vehicles, the road users and the way they interact. First the main causes of pedestrian fatalities and the safety effects of road measures (traffic lights, roundabouts and refuge islands) at pedestrian crossings before and after implementation were investigated. The results indicate that there is a strong evidence for the positive effect of these measures especially on the number of the pedestrian related accidents. In the next phase a site survey was conducted in order to estimate the irregular crossing manoeuvres of car drivers and pedestrians at designated pedestrian crossings. Having analysed the irregular movements according to the type of crossing it was found, that car drivers behave the most irregularly at crossings without a refuge island. Crossings equipped with flashing yellow lights, refuge islands and traffic lights require a much more appropriate behaviour from car drivers. In the next phase of the research the waiting time of pedestrians and the delay of vehicle drivers again at pedestrian crossings were surveyed. Our results suggest that there is a need for a strong contribution of the human and the engineering fields integrating the tools of cognitive infocommunications to obtain an even more positive change in the safety of vulnerable road users.
INTRODUCTION
Advanced safety measures involving vehicles, infrastructure and its environment, protective systems, training and development of behavioural knowledge are the main tools to reduce the number and severity of accidents involving vulnerable road users. The bulk of the substantial reductions in fatalities can be attributed to the increased passive safety features of cars. Along with them improvement in the infrastructure, establishing of speed cameras, the reassessment of speed limits to adjust them to road safety standards, effective drinking and driving policies, the increase in 30km/h zones in areas where there are many vulnerable road users and improvement in pedestrian and occupant protection in cars are all very effective means of road safety.
The three factors of road traffic -human-vehicleinfrastructure -must mutually complete each other in order to achieve the best result in the field of road safety. In this research paper the results of a three phase research project intend to prove the necessity of a strong contribution of the human and the engineering fields integrating the tools of cognitive infocommunications to obtain an even more positive change in the safety of the vulnerable road users.
II. TRAFFIC SAFETY OF PEDESTRIANS
The European Union has renewed its commitment to improving road safety by setting a target of reducing road deaths by another 50% by 2020, compared to 2010 levels. Hungary stand on the verge of halving road deaths compared with 2001 levels, with a reduction of 49%. Hungary has also been recognised with the "2012 Road Safety PIN Award" at the 6th ETSC Road Safety PIN Conference for outstanding progress in reducing road deaths. Following the relative success of the former action programme, a new programme was adopted for the 2011-2013 period. This new Hungarian Action Programme is linked with the main action areas and targets of the EU Road Safety Policy Orientations 2011-2020.
The safety of vulnerable road users (pedestrians, cyclists, moped and motorcycle riders) is a critical issue. Despite the improvement in road safety in recent years, road accidents and their consequences remain a serious social problem. Many countries adopted and prioritised strategies to encourage active mobility and to improve the safety of pedestrians and cyclists. However, compared to the car occupants the results have been less satisfactory for vulnerable road users as the number of pedestrian and cyclist fatalities reduced only by a third in the 2001-2010 period in the IRTAD countries [1] . In Hungary the percentage reduction in pedestrian fatalities (-56%) has been approximately the same as that for vehicle occupant fatalities (-54%) since 2004.
In this research paper accident statistics of Hungary focusing on the pedestrian related accidents were analysed in the period of 2004-2013, when 2048 fatal road accidents happened at crosswalks. The results show that at designated pedestrian crossings drivers cause 56% of the fatal accidents and in 44% of the accidents pedestrians are at fault [2] .
978-1-4673-8129-1/15/$31.00 ©2015 IEEE The two major driver mistakes at pedestrian crossings were speeding (27%) and not giving priority to pedestrians (14%) as it is demonstrated in Fig.1 . Apart from this research there are numerous studies proving that reductions in urban travel speeds have been particularly important in cutting pedestrian fatalities. [2] When it comes to the fatalities where pedestrians were mistaken, a huge majority (67%) of the accidents occured owing to crossing the road without due care. This number, however, is quite misleading, because theoretically pedestrians have priority at crosswalks even if they do not cross the road cautiously. Further mistakes pedestrians commit intentionally are running a red light (13%) and crossing at prohibited locations (13%) as shown in Fig. 2 . 
III. ACCIDENT ANALYSIS OF PEDESTRIAN CROSSINGS BEFORE AND AFTER IMPLEMENTATION OF ROAD SAFETY MEASURES
There is evidence that reductions in urban travel speeds have been particularly important in cutting pedestrian fatalities. There is also some evidence that speed enforcement measures have been more effective on urban arterial roads than on rural roads.
The goal of the first phase of the research was to evaluate the safety effect of road measures in urban areas by collecting and comparing pedestrian accident data before and after implementation of road safety measures taken in the time period of 2002-2014 based on the data of [2] . The city of Gyor and its road network was chosen as a study area. The city is located halfway between Vienna and Budapest, its population is about 130.000, and it is the fifth largest city in Hungary. Involving the road management agency of the city 51 locations were selected, where among other reasons improving the safety of pedestrians was intended and the implementation of the safety measures was completed.
• 10 traffic lights, • 22 roundabouts, • 17 median/refuge islands • and 2 recently established pedestrian crossings.
After the selection of the locations the pedestrian related accidents were analysed at all locations in minimum 3 years before and after the implementation of the listed measures. The two newly established pedestrian crossings were filtered out, because the time period for the after situation did not reach 3 years as their construction year was 2013.
The safety effect of the different types of measures were compared and analysed. The results of the research indicate that there is a strong evidence for the positive effect of these measures (Table I) . A significant drop in the total number of accidents was proved for all the three measure groups, 37% fewer accidents occurred at traffic lights (Fig. 3) , 24% in roundabouts (Fig. 4) and 42% due to medium or refuge islands (Fig. 5) . The effect of the measures is even more remarkable among the reduction in the number of pedestrian accidents. The greatest decrease with 85% was achieved in the 22 roundabouts, and there is an outstanding fall of the number of accidents at the locations of the 10 traffic lights and the 17 refuge islands, as well.
Generally it can be stated that the implementation of these road safety measures had a very remarkable effect on the reduction of the number of accidents, especially on the pedestrian related accidents. 
IV. SITE SURVEY OF IRREGULAR CROSSING MANOEUVRES
In the first chapter of this paper it was demonstrated, that the main reasons of accidents at pedestrian crossings were drivers speeding and not giving priority to pedestrians. Pedestrians also make failures when they are crossing the road without due care, intentionally running a red light and crossing at prohibited locations.
The goal of the following project was to observe the human behaviour at pedestrian crossing, to assess the irregular crossing manoeuvres of the drivers and the pedestrians. In the second phase of the research a site survey was conducted inlcuding 83 locations of designated pedestrian crossings selected in the same study area, the city of Gyor. The locations were partly fall in with the locations of the first phase of the research.
In this survey all regular and irregular movements of drivers and pedestrians were registered within 30 minutes in peak hours. The 83 locations of designated pedestrian crossings were sorted into five groups:
• 23 crossings without refuge islands, • 10 crossings with refuge islands, • 10 crossings with refuge islands and flashing yellow lights, • 17 crossings at traffic light controlled junction legs, • 23 crossings at roundabout legs.
Typical irregular manoeuvres were drivers not yielding to pedestrians, or accelerating before the crossing instead of stopping. Among the irregular movements of pedestrians crossing at prohibited locations (more than 1 meter far from the zebra crossing) and running a red light were registered.
In Table II the results of the survey are indicated, sorted into the 5 groups of crossing or junction type. The share of irregular movements of crossing manoeuvres is listed for all kinds of road users: car drivers, cyclists, bus drivers, truck drivers and pedestrians. Among all road users car drivers seem to behave the most regularly as it can be seen in the total numbers. Cyclists have the highest share of irregular movements. It can be accounted for the fact, that in the city of Gyor the majority of the cycling infrastructure consists of shared pedestrian and bicycle paths, therefore cyclists often cross the road from necessity at pedestrian crossings. The second highest share of the irregular movements can be attributed to pedestrians, as they are often cross the road away from the designated crossing (Fig. 6 ). Having analysed the irregular movements according to the type of crossing it can be found, that car drivers behave the most irregularly at crossings without medium islands. Crossings equipped with refuge islands, flashing yellow lights and traffic lights require a much more appropriate behaviour from car drivers. Surprisingly the share of irregular busses exceeds the other road users in the group of crossings without refuge islands (27%) (Fig.7) . The share of irregularity of pedestrians is the highest at roundabouts (17%). The reason of that is that pedestrians need to make a relatively big by-pass around the roundabout, therefore they often shorten the way and cross at prohibited locations. Crossings without refuge islands are not convenient for pedestrians, in many cases they cross irregularly rather than waiting for a vehicle giving the priority to them.
V. SITE SURVEY OF DELAY TIME AND WAITING TIME AT PEDESTRIAN CROSSINGS
In the survey of the irregular movements it was found that many road users cross the road irregularly because they do not want to wait too long. In the third phase of the research the delay time of the car drivers and waiting time of the pedestrians were investigated at the same 83 crossing location of the city Gyor.
At each location the delay time was measured using a sample of 50 pedestrians and 50 vehicles. The average delay times and waiting times are listed in Table III sorted into the 5 groups of crossing or junction type. Apart from the traffic lights where there is a relatively high delay time for car drivers and pedestrians as well, the roundabouts and the crossings without refuge islands force the car drivers for the longest waiting time. Regarding the waiting time there is no significant difference between pedestrian crossings with or without refuge islands. One of the reasons behind this might be that they cross the road in one go, no matter there is a refuge island or not.
Crossings with refuge islands and especially those that are equipped with flashing yellow lights showed the shortest waiting times for pedestrians and the smallest delay times for car drivers.
A sad evidence of the Hungarian traffic behaviour that the waiting time at designated pedestrian crossings is much bigger for pedestrians than the delay time of car drivers.
VI. COGNITIVE INFOCOMMUNICATION IN FAVOUR OF THE SAFETY OF VURNERABLE ROAD USERS
The three factors of road traffic -human-vehicleinfrastructure -must mutually complete each other in order to achieve the best result in the field of road safety. The above detailed research projects proved remarkably that the positive effects of the infrastructural road safety measures on pedestrian related crashes. With the tools of cognitive infocommunications an even more positive change could be obtained in the safety of vulnerable road users.
Cognitive infocommunications (CogInfoCom) investigates the link between the research areas of infocommunications and cognitive sciences, as well as the various engineering applications which have emerged as a synergic combination of these sciences. The primary goal of CogInfoCom is to provide a systematic view of how cognitive processes can co-evolve with infocommunications devices so that the capabilities of the human brain may not only be extended through these devices, irrespective of geographical distance, but may also interact with the capabilities of any artificially cognitive system. This merging and extension of cognitive capabilities is targeted towards engineering applications in which artificial and/or natural cognitive systems are enabled to work together more effectively [3] .
One important aspect of inter-cognitive communication is that it helps humans to perceive and to react to real-world challenges faster and better. For example, collision-detection systems of modern cars extend the user's senses by perceiving and reacting faster to a potential collision. A good example for this is a system that -while the user focuses on his intention to swerve in an intersection -detects a person approaching the pedestrian crossing from the other direction. Intersections are the most dangerous situations in driving, mostly because the high amount of visual information [5] , [cited by 4].
Another important area for sensor bridging cognitive infocommunications is the autonomous vehicle driving systems (AVDS), which recognize potential dangers, pedestrians on the road, driving limitations and possibilities. One of the key examples for a successful AVDS is to identify appropriate traffic rules valid on a certain road sector or at a junction. Such visual recognition helps navigation assisting systems to be safer, because the most car accidents occur due to the lack of concentration and failures to notice important traffic signs. Pedestrian recognition is also a key aspect of safe intelligent transport systems. A driver support system has been developed which combines raw sensory with extracted visual data to provide extended information about the visual scene around the car [7, 8] , [cited by 6].
According to [9] analyses of intersection accidents have shown that in most cases drivers overlook or see other road users with the right of way too late that they cannot react in time. Appropriate visual warning signals which support drivers in their attention allocation and driving behaviour could be useful to improve drivers' reaction. From these results, requirements can be derived for the design of effective warning strategies when driving at critical intersections.
VII. CONCLUSIONS
Advanced safety measures involving vehicles, infrastructure and its environment, protective systems, training and development of behavioural knowledge are the main tools to reduce the number and severity of accidents involving vulnerable road users. The results of the research indicate that there is a strong evidence for the positive safety effect of road measures especially on the number of the pedestrian related accidents. Analysing the irregular movements according to the type of crossing we found, that crossings equipped with flashing amber lights, refuge islands and traffic lights require a much more appropriate behaviour from car drivers. Our results suggest that there is a need for a strong contribution of the human and the engineering fields integrating the tools of cognitive infocommunications to obtain an even more positive change in the safety of vulnerable road users.
